Abstract. Laser forming is an advanced manufacturing technique that can be used for the direct fabrication of high value and low volume metallic and non-metallic components e.g. ship hull; adjustment of small sections of parts to the desired shape e.g. car doors, propellers; and correction of unwanted distortion by controlled laser induced thermal stress. Important benefits of laser forming include no external mechanical tooling needed, wide-range of materials and scale of samples that can be formed, flexibility and automatic control. In the presented investigation, the object is to investigate the formability of the AISI 314 stainless steel thin sheet by fibre pulse laser with low power and high speed. An iterative control approach has then been used to achieve the desired bend angle.
Introduction
In laser forming the deformation of sheet metal is produced by thermal stresses, generated by a controlled defocused laser beam scanned over a surface [1] [2] [3] [4] . During laser forming, the non-uniform expansion will occur due to the non-uniform thermal stresses; therefore the plastic deformation without spring back will be generated when the thermal stresses exceed the yield point of the material [4] .The advantages of laser forming includes non-contact processing, flexibility, high degree of control and the possibility of automatic control.
A large number of relevant laser forming studies with high power continuous wave lasers at large scales have been published to date [1] [2] [3] [4] 8, 9] . However, for the production of small scale components, micro laser forming has potential for widespread applications in the electronics industry [5] . For instance, micro laser forming (LµF) can be used in fabrication and adjustments of the electromechanical components, such as sensor and actuators, due to the requirement of precision adjustment, high reproducibility and sensitively to the mechanical force [6] [7] [8] . Therefore, in order to advance process for realistic applications, the investigation of the small scale becomes essential.
In the presented investigation, the object of the study was composed of three parts as follows: finding a processing map for determination of the threshold value in the laser forming of AISI 314 (55-203`μm thickness); determine the effects of laser forming parameters, such as laser power, scan velocity and the number of scans, and the effects of the work-piece geometries on the bending angle.
Experimental Approach
The general experimental set up for the present study is shown in Fig.1 (a) . A number of work-pieces with different sizes and thickness were prepared for the experiment (Table 1) . A SPI G4 fibre laser with a maximum output power of 20W was employed throughout the overall experiment as shown in Fig. 1(b) . The key laser parameters are pulse duration of 9-200ns, repetition rate of 25-500kHz, and a maximum pulse energy of 0.8mJ. The process parameters chosen for overall the experiments are presented in Table 2 .
A XRL8-10 Nutfield head with the maximum speed of 3000mm/s with an F theta lens of focal length 160 mm and focal spot size of 45 μm was operated by waverunner control software. Thus, a defocused beam with the diameter of 100 μm was chosen throughout the all experiments. The workpiece was clamped parallel to the free edge on the 3 axis CNC stage as shown in Fig. 1(c) . The stage movement was controlled by a THORLABS APT motion control system. In this study, a laser displacement sensor MEL M9L/2 was used to measure the bending angle after each pass as shown in Fig. 1(d) . Fig. 3 illustrates the laser forming parameter selection map for the given samples, beam size, and predetermined parameters. From the green triangles in Fig. 3 , which indicated the melting threshold for combinations of different laser power and speed at a constant beam dia of 100μm, repitition rate of 25kHz and pulse duration of 200ns. From Fig. 4 (a) to (b) it can be seen that the width of the heating area (125μm), which is close to the beam size (100μm), at the scanning speed of 100mm/s and power of 20W, is much smaller than the width of the heating area (257μm) at the scanning speed of 75mm/s and power of 20W. In addition, through the comparison of Fig. 4 (c) and (d), it can be found that there was no significant heat affected on the rear side of heated area at 100mm/s and power of 20W, however, the rear side of heated area has been melten at the speed of 75mm/s and power of 20W. Thus, the experimental scanning speed needed to be over 75mm/s for 20W, in order to avoid melting for the given samples. The effects of laser forming parameters on the change of bending angle were plotted in Fig. 5  (a)-(c) . From Fig. 5 (a) and (c) , it can be found that at a constant laser beam diameter, the cumulative bending angle would increase with increasing of laser power and pass number. However, the bending angle per pass was found to reduce and it would converge when the laser power and number of scans were over a certain value, which could be due to a number of reasons, such as strain hardening, section thickening, absorptivity variation and surface melting [4, 9, 10] . Moreover, it can be seen from Fig. 5 (b) the scanning speed was inversely proportional to the bending angle, which could be due to the reduction of the heat input with increasing of the scanning speed.
Results and Discussion
(a) effect of heating length (b) effect of work-piece thickness (c) effect of workpiece length Figure 6 . Effect of work-piece geometries on bending angle at constant laser power of 15W, pulse repetition rate of 25 kHz, pulse energy 0.6mJ, scan velocity of 100mm/s, laser spot diameter of 100 ‫ܕૄ‬ and single scanning pass.
The effect of work-piece geometries, such as the length of work-piece, the laser scan length and thickness, respectively, on bending angle was also studied, which is plotted in Fig. 6 (a)-(c) . Experiments were carried out at a constant energy density. From Fig. 6 (a) and (b) , it can be found that the bending angle was influenced significantly by the changing of the work-piece width and thickness. Fig. 6 (a) presented that bending angle increased with the increasing of work-piece width or heating length. A larger compressive force and plastic strain would be generated due to the increasing of the scanning length and interaction time with sheet, which could lead to an increase in bending angle [9] . From Fig. 6 (b) , it can be seen that bending angle decreased with the increasing of the work-piece thickness. The more restriction against deformation would be generated with increasing of the thickness. In other words, the thicker of the work-piece, the more bending moment was needed to form the work-piece [9, 10] . However, work-piece length in this material thickness was found to have a little effect on the bending angle from Fig. 6 (c) .
